Molecular Dynamics (MD) Modeling. MD simulations were performed in the NPT ensemble using MD package GROMACS. 1 Periodic boundary conditions were used in three dimensions. For organic solution, the force fields for the TEA + cations, BF4 -anion, and PC molecules were taken from the General Amber Force Field (GAFF), 2 with atomic partial charges from Luzhkov et al., 3 Wu et al., 4 and Han et al. 5 . For aqueous solution, the force fields for the Na + and Clcame from Ref. 6 , and the SPC/E model 7 was used for water molecules. The temperature of all MD systems was maintained at 298 K using the Berendsen thermostat. The electrostatic interactions were computed using the PME method. 8 Specifically, an FFT grid spacing of 0.11 nm and cubic interpolation for charge distribution were used to compute the electrostatic interactions in reciprocal space. A cutoff distance of 1.2 nm and 1.0 nm was used in the calculation of electrostatic interactions in the real space for the organic and aqueous systems, respectively. The non-electrostatic interactions were computed by direct summation with a cutoff length of 1.2 nm and 1.0 nm for the organic and aqueous systems, respectively. The LINCS algorithm 9 was used to maintain the bond lengths within ions/molecules. Each simulation with target ion concentration (i.e., 50 mM and 5 M) was first run for 6 ns to reach equilibrium at 298 K and 1 atm. Then, another 6 ns production run was performed for data analysis. To ensure the statistical accuracy of the simulation results, an ensemble of three MD trajectories with independent initial configurations was utilized.
Improved Modified Donnan EDL Modeling. In Fig. 3d , we utilize the improved modified Donnan (i-mD) model to calculate ion concentrations inside micropores from effluent conductivity measurements. The i-mD model used here assumes a symmetric system and uses Eq. 1 (Biesheuvel et al. 10 ) assuming that initially there is no charge.
Where cions,mi,initial is the initial micropore ion concentration (cions,mi,initial = canion,mi,initial + ccation,mi,initial), which is the concentration in the pores when at equilibrium with the initial electrolyte at a salt concentration of c∞,initial (without applied voltage). Here, we use E = 200 kT•mM, a value close to previously utilized to fit to data for CDI systems. 11 Next, to analyze a batch experiment, the total ion balance in the CDI system which includes the ions in the electrolyte and in the micropores is given by Eq. 2:
where velectrolyte is the volume of the electrolyte used in the batch mode process, vmi is the specific volume associated with the micropores (here 0.736 mL/g), and melectrode is the mass of both electrodes together, when dry. The final ion concentration in the micropores after charging, cions,mi = canion,mi + ccation,mi, can then be calculated from a mass balance applied after the desalination step, using the measured, or calculated final amount of ions in the electrolyte effluent, nions,final (which is calculated from multiplying velectrolyte with the measured, final electrolyte, salt concentration, times two), Eq. 3:
The relationship between cions,mi, and micropore volumetric charge, σmi (in C/m 3 ) is given by Eq. 4, see Ref. 11 :
The following two equations are used to derive the counterion and co-ion micropore concentration, and these are the definition of σmi and the definition of cion,mi (Eq. 5-6): [5] ions ,mi = counterions ,mi + co −ions ,mi [6] 4 From Eq. 5-6, we obtain Eq. 7-8;
The data points in Fig. 3D are obtained using Eq. 7 and 8, where cions,mi is calculated from Eq. 1-3 using the measured value of nions,final from conductivity effluent measurements and our measured calibration curve relating conductivity to ion concentration (Fig. S2) . For the theory lines in Fig. 3D, nions, Table S1 . v pore = 0.736 mL/g 11   Table S1 : Calculated data on solvated ion sizes and coordination numbers for the aqueous and organic solvent system for NaCl and TEA-BF4. Specifically, the solvated ion size corresponds to the first local minimum of the ion-solvent pair correlation function, and the coordinate number is defined as the number of solvent molecules that belong to the solvation shell. The size and coordinate number of solvated Na + or Cl -are consistent with previous data (Ref. 6 ). 
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